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§7. Heterodyne Microwave Reflectometer 
Ejiri, A., Kawahata, K., Tanaka, K. 
Three types of microwave reflectometer have 
been used on the ITPP T II-U tokamak to measure 
density fluctuations. Here we show the results of 
heterodyne measurements. The results of the ultra-
narrow band frequency swept system can be seen 
in the previous annual report, and those of the 
homodyne measurements are given on another 
page. 
Two antenna systems have been tried. One 
system launches 0-mode microwave (27, 33 and 
39 [GHz]) through a rectangular horn antenna and 
receives the reflected wave by another antenna. 
The other system launches X-mode microwave (33 
and 39 [GHz]). In this system, Teflon lenses are 
used to obtain high directivity. The injected 
microwave beam has the 1/e power width of about 
100 [mm] at the plasma surface. 
The heterodyne system consists of Gunn 
oscillators and a YIG, which are used as probe and 
a. local microwave source, respectively. The beat 
frequency is set to be in the range 1 to 5 [MHz]. 
Their frequency width is about 40 [kHz] (full width 
of 1/10 power). The reflected wave shows the 
frequency broadening of about 300 [kHz] (Fig. I). 
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Fig. 1. Power spectra of probe( reflected) and 
reference waves 
4000 
The signal is sampled by a fast digitizer, and phase 
is calculated from the timing of peaks in the beat 
signals. As observed by the ultra-narrow band 
system, large amplitude modulation, rapid phase 
variation (Fig.2) and phase runaway are observed. 
These phenomena are observed by both the 0-mode 
launching system and by the X-mode launching 
antenna system, which has higher directivity. 
Therefore, these phenomena appear to be 
independent of measuring methods and directivity 
of antennas. The phase runaway is thought to be 
caused by the rotation of the density perturbation, 
and correlation with the plasma rotation has been 
observed in other devices [1]. 
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Fig.2. Time evolution of the phase measured by the 
heterodyne system. 
When we measure a low density plasma (e.g. ne 
< 0.2 x 1020 [m-31, BtO < 2 [T]), the X-mode wave 
can pass through the region between the upper 
hybrid resonance and the left-hand cutoff. In this 
case, the wave reaches high field side vacuum 
vessel and is reflected, so that we can operate the 
system as an interferometer. Figure 3. shows the 
density fluctuations, which are correlated m=1 
magnetic fluctuations. 
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Fig.3. Phase fluctuations measured with the 
frequency of 33 [GHz] . 
In order to estimate the density fluctuation level, we 
assun1e a parabolic density profile with the line 
averaged density of 0.15 x 1020 [m-31 and uniform 
density fluctuations (profile does not change). 
Then, the phase fluctuations of ±1.6 [rad.](Fig.3) 
correspond to the density fluctuations of about 
0.8o/o. Since the wave has much longer wavelength 
than standard microwave interferometers, this 
method has very high sensitivity. This X-mode 
wave range would be very convenient for high field 
low density plasmas. 
References 
1) Nazikian,R., Estrada,T. and Korneev,D., 
private communications, 1994. 
155 
